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LITTLE ATTENTION has been given in recently
published work to the toxicology and clinical fea-
tures of isopropanol poisoning. Also, isopropanol
intoxication has been successfully treated with
hemodialysis,1'2 but there has been little assess-
ment of the effectiveness of peritoneal dialysis.3
Because peritoneal dialysis is more readily avail-
able and easily administered, we report the peri-
toneal and total body clearance determinations of
isopropanol during dialysis of a child who acci-
dentally ingested this toxic alcohol. Following is a
brief review of its toxic effects and metabolism.

Report of a Case
An 18-month-old male infant was admitted to

hospital comatose. Earlier in the evening his baby-
sitter saw him drink from a bottle of rubbing al-
cohol (70 percent isopropanol). The estimated
volume ingested was 2.4 dl (8 oz). He vomited
shortly afterward, appeared intoxicated and was
taken to a community hospital emergency room
where he was noted to be stuporous and having
labored respirations. After vomiting again he was
given naloxone hydrochloride, 0.2 mg intrave-
nously; an endotracheal tube was placed and the
infant was transferred to the University of Cali-
fornia Davis Medical Center where he arrived
three hours after drinking the rubbing alcohol.

His temperature was 360C (96.80F), pulse 124
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per minute and blood pressure 90/40 mm of
mercury. His weight was 9.5 kg (21 lb). He had
no spontaneous respirations, did not respond to
verbal or painful stimuli, and made no voluntary
movements. Pupillary, corneal and gag reflexes
were absent but deep tendon reflexes were normal.

Laboratory studies disclosed the following
values: serum sodium 136, potassium 3.6, chlo-
ride 11 1 and bicarbonate 12 mEq per liter; blood
urea nitrogen 23, glucose 276, acetone 51 and
isopropanol 272 mg per dl. Arterial blood gas
determinations done while the patient was receiv-
ing 100 percent oxygen via a respirator were as
follows: oxygen partial pressure 396 mm of mer-
cury, carbon dioxide partial pressure 28 mm of
mercury and pH 7.29.

Treatment initially consisted of 20 mEq of
sodium bicarbonate given intravenously and gas-
tric lavage with a 0.9 percent saline solution until
fluid returned clear, followed by administration
of charcoal and magnesium sulfate. Because of
the initially high isopropanol concentration and
profound neurologic depression, peritoneal dialy-
sis was started two hours after admission (five
hours after ingestion). A standard commercial
dialysate (Travenol) containing 132 mEq of so-
dium, 4.0 mEq of potassium, 106 mEq of chlo-
ride, 35 mEq of lactate, 3.5 mEq of calcium and
1.5 mEq of magnesium per liter and 1.5 mg of
glucose per dl was cycled in 1,000 ml volumes
every 30 minutes. A total of 13 cycles were run
during 61/2 hours. The subsequent clinical course
correlated with blood and dialysate toxin levels is
shown in Table 1. Isopropanol and acetone con-
centrations were measured with a Carle 211 ana-
lytical gas chromatograph by an established
method.4 Urine output was 170 ml from admis-
sion to the discontinuation of dialysis. Following
dialysis the infant's weight was 9.4 kg and the
serum creatinine level was 1.5 mg per dl, falling
to a baseline of 0.5 mg per dl the following day.

Extubation was carried out 24 hours after ad-
mission, but it was necessary to reintubate due to
upper airway edema. The second and final extuba-
tion was done a day later. Developmental assess-
ment during this hospital stay showed a return to
normal function. The total length of time in
hospital was 12 days.
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TABLE 1.-Summary of Clinical Recovery and Corresponding Levels of
Isopropanol and Acetone in Blood and Dialysate

Time Isopropanol Acetone
After Peritoneal Peritoneal

Ingestion Blood Dialysate Clearance Blood Dialysate Clearance
(hr) (mg/dl) (mg/dl) (ml/min) (mg/dl) (mg/dl) (ml/min)

0 Ingestion .................................... ..
3 Admission, comatose, no pupillary reflex,

respiration or movement .272 .. .. 51
5 Dialysis started ............ ..........
51/2 33 .. .. 22
61/2 Pupils sluggishly reactive .... ........

8 62 19 10.2 73 30 13.7
9½/2 Spontaneous respirations, able to be aroused . ... ..

10½2 27 7 8.6 80 31 12.9
11 Limb restraints necessary .... ........

l11/2 Dialysis discontinued .... ........
14½ Making purposeful movements .<5.. .. 91

Discussion
Although about 10 percent of isopropanol may

be converted to the glucuronide,' the major path-
way of metabolism is via alcohol dehydrogenase
to acetone.6 A case of a confused or comatose
patient having acetonuria in the absence of gly-
cosuria, especially without evidence of starvation,
should suggest a toxic reaction to isopropanol. An
unexplained rise in serum osmolality may call
attention to the presence of a foreign substance,
and might be used as an estimate of isopropanol
concentration if an accurate assay is not available
and if it is certain no other substance has been
ingested. Acetonemia may reach significant quan-
tities13 and exacerbate a toxic condition, as its
effects are similar to ethanol at equal blood con-
centrations.7'8(P"'3 Its rate of metabolism is much
slower, however,79 which probably accounts for
the continued slow increase in blood acetone con-
tent in this patient even though blood isopropanol
content was decreasing. This behavior of isopro-
panol and acetone concentrations has been seen in
experiments with animals.6'9

Isopropanol quantities in body fluids are best
measured by a gas chromatographic method.
Users of alcohol dehydrogenase testing methods
may be misled by ethanol'0 and earlier researchers
using a modification of an iodometric assay for
ethanol may have been misled by acetone." In
most cases of toxic ingestions in which coma
occurred, blood concentrations were greater than
125 mg per dl,1 2 "2-'5 with some patients who died
having measurements at 150 mg per dl.16 One
infant survived, receiving supportive therapy
alone, with a level of 520 mg per dl." It must be

noted that the methods used to assay for isopro-
panol were not specified in any of these reports,
nor were acetone levels routinely measured.

The volume of distribution of isopropanol is
0.7 to 0.8 times body mass, similar to ethanol.'7"18
The rate of metabolism of isopropanol is propor-
tional to its concentration and follows simple
first-order kinetics.9 This contrasts with ethanol
which saturates its metabolic mechanisms at very
low levels and therefore usually declines at a
linear rate independent of concentration.'9

The blood content of isopropanol given in
Table 1 follows an exponential rate of decline,
with an elimination constant during dialysis of
33 percent per hour. Assuming a volume of dis-
tribution of 7.1 liters the total body clearance of
isopropanol during dialysis is 39 ml per minute,
to which peritoneal dialysis contributes 9.4 ml
per minute or approximately a fourth. The non-
dialysis or metabolic elimination constant is 25
percent per hour and compares favorably with
previously reported values for dogs and rats of
17 percent and 35 percent per hour respectively.9
Assuming these clearances and the volume of dis-
tribution of isopropanol to be constant, the blood
concentration at the start of dialysis can be
estimated to be 167 mg per dl and the maximum
level before admission to be about 400 mg per dl.
The latter quantity correlates with the profound
degree of neurologic depression we observed.

Isopropanol is most widely encountered in a
10 percent solution sold as rubbing alcohol, but
it may also be found in cosmetics, mouth washes,
hair tonic, skin disinfectants, deicers, antifreeze
and solvent mixtures.20 Absorption from the gut
is rapid and complete. Using isolated segments of
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gastrointestinal tract from dogs, Wax and co-
workers21 determined the absorption of a dose of
1.25 ml per kg of body weight (as a 10 percent
solution) in stomach, duodenum and jejunum to
be 41 percent, 67 percent and 91 percent, respec-
tively, at 30 minutes. In jejunoileal loops absorp-
tion was 99 percent complete in two hours.
Symptoms and signs of a toxic reaction to

isopropanol are generally similar to those seen
with ethanol, though isopropanol probably does
not produce an initial stage of stimulation.20
Symptoms of a toxic reaction include dizziness, in-
coordination, headache, confusion, stupor, coma,
hypothermia, aspiration and respiratory arrest.
Gastroenteritis, more prominent than that usually
seen with ethanol poisoning, may occur.8(ppl85-188)
Hypotension is a bad prognostic sign.16 Renal
failure has been reported possibly as a result of
hypotension'6'22 or rhabdomyolysis.23 Postmortem
studies have shown hemorrhagic gastritis, hemor-
rhagic tracheobronchitis and pulmonary edema
but no specific changes.

Studies with animals have shown that isopro-
panol is about 11/2 to 2 times as toxic as ethanol.
The certain lethal dose for a 70-kg (154-lb) hu-
man would then be about 500 ml of pure alcohol
or 25 oz of 70 percent rubbing alcohol.24'25 In one
study it was noticed that deaths from isopropanol
occurred considerably later than those from etha-
nol.25 Both death'6 and survival23 have been re-
ported with presumed ingestion of 4.7 dl (16 oz)
of rubbing alcohol. Two cases of isopropanol
poisoning have been described in infants receiv-
ing alcohol baths for fever.'3"14 The route of ab-
sorption was presumably inhalation as large
amounts of isopropanol applied topically to ani-
mals have had little effect.

After gastric lavage it is reasonable to attempt
to hasten recovery from isopropanol intoxication,
especially in comatose or hypotensive patients,
but the medical urgency is not as great as that
for methanol intoxication where permanent neu-
rologic damage may occur due to the production
of formaldehyde and formic acid. Similarly, eth-
ylene glycol, whose metabolite oxalic acid is very
corrosive and a potential cause of renal failure,
should be removed promptly. Ethanol, isopropa-
nol and their metabolites have lower intrinsic
toxicities than methanol and ethylene glycol me-
tabolites. Supportive therapy rather than an at-
tempt to promote active excretion may be ade-
quate for the former substances, whereas rapid
removal of methanol and ethylene glycol is much

more important. Isopropanol poisoning alone
probably is not alleviated by activated charcoal
administration if its adsorption characteristics
roughly parallel those of ethanol, which is ad-
sorbed in amounts of about 0.5 gram per gram
of charcoal.20'27 Because relatively large amounts
of these alcohols are necessary to produce toxic
effects, the quantity of charcoal administered
would have to be correspondingly great. It would
also need to be administered soon after the alco-
hol ingestion, as isopropanol is absorbed so
rapidly in the gut.

Hemodialysis has been shown to be effective
for removal of both ethanol and methanol in hu-
mans and clearances have approached 150 ml a
minute in vitro.19 Limited studies have shown that
hemodialysis is also effective in lowering blood
quantities of isopropanol, which in turn accelerates
recovery of intoxicated patients." 2 Urine levels of
isopropanol closely parallel those in the blood,'
indicating that it is not substantially concentrated
in the urine and that forced diuresis would be
relatively ineffective. As an example, a daily urine
flow equal to the total body water volume would
require about 16 hours to merely halve the initial
isopropanol concentration.

In this normotensive patient who had no evi-
dence of hepatic disease, peritoneal dialysis,
though effective in removing isopropanol, accel-
erated endogenous removal rates by only 30 per-
cent and contributed little to the observed decline
in isopropanol concentration in urine. However,
peritoneal acetone clearance was substantial, ap-
proximately equivalent to expected pulmonary
clearance, and may have hastened central nervous
system recovery.
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THE RECENT INFLUX of Southeast Asians into the
United States has provided the American medical
community with a host of unfamiliar medical
problems, mainly hemoglobinopathies and infec-
tions. The patient in this report has a form of
a-thalassemia, a hemoglobinopathy that is highly
prevalent in Asia, having a frequency of 4 percent
in China and 20 percent in Thailand.' The genet-
ics and molecular mechanisms of a-thalassemia
have been well reviewed.'-7 Normally, the a-chain
of the hemoglobin molecule has four a-globin
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structural genes (aa/aa)8-lo that are located at
two genetic loci."",12 Either gene deletion8-12 or a
dysfunctional nondeletion lesion7"1'23 can result
in a thalassemic a-globin gene. When only a
single normal a-globin gene is present (--/-a)
the clinical result is hemoglobin-H (HbH) dis-
ease, which is characterized by moderately severe
hemolytic anemia, microcytosis and splenomegaly.
A mutant gene coding for the elongated a-globin
chain of the electrophoretically slowly migrating
hemoglobin Constant Spring (HbCS) mimics a
thalassemic a-globin gene in that HbCS is present
in very low amounts.'4-'0 Thus, the clinical syn-
drome of HbH disease is seen also with the
presence of one normal a-globin gene and an
aCs-globin gene.'4 HbCS is found in 40 percent
of Southeast Asians with HbH disease.17

Herein we report the case of a young Cam-
bodian woman who underwent splenectomy re-
sulting in successful relief of the symptoms of
anemia due to HbH disease associated with
HbCS. The anemia of HbH disease is related to
decreased synthesis of a-globin and of total hemo-
globin18 19 and to hemolysis, a result of unbalanced
globin synthesis,20 that occurs mainly in the
spleen.2' Thus, the intent of splenectomy in this
patient was to diminish the peripheral hemolytic
component of the anemia. When last reviewed in
the 1960's, the efficacy of this procedure was un-
certain.2122-24 Accordingly, we did a complete
hematologic assessment both before and after the
operation to evaluate the patient's response to
splenectomy.

Report of a Case
A 24-year-old woman who recently immigrated

to this country from Cambodia was admitted to
Highland General Hospital in July 1980 for eval-
uation of dizziness, weakness, dyspnea and dis-
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